Spores from well lysed cultures were cleaned by repeated centrifugation, first in 1 M sodium chloride solution and then in 0.14 M NaCl. Occasionally, lysozyme (50 to 100 mg/ml) and deoxyribonuclease (2 to 5 Ag/ml) were used in early washings of B. subtilis and B. megaterium harvests to get rid of persistent cell debris. Clean spores could usually be suspended in either distilled water or 0.14 M NaCl without aggregation.
The observation that spores stripped of their coats by selective extraction were still viable and heat resistant (1) suggested a method for the formation of resting spore protoplasts. If-the cortex exposed by the coat removal and its inner layer, the germ cell wall, are both lysozyme digestible, such spores suspended in a suitable buffer should readily be freed from these remaining layers and the core should be liberated as a protoplast. This paper describes a number of studies with coatless or partly coatless spores of Bacillus megaterium, B. subtilis, and B. cereus undergoing lysozyme treatment in various ionic and osmotic environments. The results indicate a requirement for calcium during the initial stabilization of spore protoplast membrane and for magnesium during the uniform conversion of the refractile core into a normal appearing protoplast.
MATERIALS AND METHODS
The cultures used were B. subtilis 168, B. cereus A(-), a variant of B. thuringiensis var. alesti which has lost the ability to form a parasporal crystal, and B. megaterium KM (Sp+), a sporeforming variant that has, in three separate instances over the past 12 years, been isolated from aged plate cultures of the asporogenous B. megaterium KM described by Northrup (16) . Its spores, unlike those of other B. megaterium strains, are covered with only a single coat layer (3) .
Preparation of spores. Spores were harvested from either a fluid or agar form of a BBM-Grelet salts medium (1) . The agar form was more suitable for larger batches.
Spores from well lysed cultures were cleaned by repeated centrifugation, first in 1 M sodium chloride solution and then in 0.14 M NaCl. Occasionally, lysozyme (50 to 100 mg/ml) and deoxyribonuclease (2 to 5 Ag/ml) were used in early washings of B. subtilis and B. megaterium harvests to get rid of persistent cell debris. Clean spores could usually be suspended in either distilled water or 0.14 M NaCl without aggregation.
Removal of spore coats. Spore coats were extracted by the method described by Aronson and Fitz-James (1) . In a typical extraction, 109 clean spores in a Corex (Corning) 15 -ml centrifuge tube were sedimented and suspended in 2.0 ml of freshly dissolved 50 to 100 mm dithiothreitol (Cleland's reagent, DTT) plus 0.5% sodium lauryl sulfate (SLS) in 0.1 M NaCl. The pH level of the suspension was raised slowly with 2.0 N NaOH and a glass probe combination electrode, to pH 9.5, 10.4, or 11.5, depending on the solubility of the coat layer being extracted. After incubation at room temperature or 37 C for 2 to 18 hr, the spore suspension was sedimented and suspended in 1.0 to 2.0 ml of fresh reagent at the appropriate pH. The suspension was usually washed four additional times in 0.14 M NaCl. However, since coatless spores tended to aggregate in dilute salt or distilled water, saline (0.14 M NaCl) or sucrose (0.3 M) washes at pH 9.0 were often necessary to reduce clumping. The degree of coat removal was best determined by thin-section electron microscopy. Spores with coats partly or completely removed show an increase in density in renografin gradients (Aronson and Fitz-James, unpublished data), a sensitivity to lysozyme but no loss of dipicolinic acid (DPA) or of Ca2 .
Lysozyme digestion of coatless spores. Spores partially or completely stripped of their spore coats were subjected to lysozyme digestion (usually 50 to 100 FITZ-JAMES Fig. 1-6 ) photomicrographs and air-mounted, dried nigrosin smears ( Fig. 7-10 ) or spores of B. megaterium KM. Magnification is indicated by the S gm marker in Fig. 1 . Fig. 1 . Untreated spore preparation showing normal phase refractility. Coatless spores of this species were identical in appearance by phase microscopy (see Fig. 3 ). 
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M NaCI), and tricine buffer (10 mM, pH 7.6) plus sucrose (0.3 M) or disodium succinate (0.45 M). Divalent cation concentrations were achieved by the addition of appropriate amounts of sterile I M solutions of MgSO4, MnSO4, CaCl2, and SrCl2. In a typical incubation, 0.2 ml of a thick (109/ml) suspension of coatless spores was added to a previously warmed (37 C) mixture in a 15-ml Cortex centrifuge tube containing 5.0 ml of sucrose (0.5 M), 4.6 ml of tricine buffer (20 mm, pH 7.6) , and 100 to 300 ,liters of a 1 M solution of divalent cation or other agent under study. For 2 to 5 min before and again immediately after the addition of lysozyme (1 mg in 100 jliters), the optical density was measured in a Coleman model 14 spectrophotometer at 650 nm against an appropriate blank. Optical density readings (usually measured every 0.5 min) were plotted from the time of lysozyme addition.
Protoplast growth. Viability of protoplasts was assessed by following their growth with aeration in a protoplast medium (2) . Viable protoplasts from spores usually showed the increase in size and the rise in optical density (at 650 nm) typical of growing protoplasts within 40 to 60 min.
Electron microscopy. Samples (2.0 to 5.0 ml) of suspension were prefixed by the addition of either a 4% solution of OSO4 to a final concentration of 0.5%, or an 8% solution (pH 7.0) of glutaraldehyde (Polysciences Inc., Warrington, Pa.) to a final concentration of 2 to 3%. Osmium-prefixed samples were sedimented immediately, whereas the glutaraldehyde-fixed samples were kept 3 to 5 hr at 2 C and then washed four to six times with phosphate or cacodylate buffer (0.1 M, pH 6.8) with centrifugation. Both types of cells were suspended in melted, warm agar (2%) and immediately sedimented (3 to 5 min at 10,000 x g) while cooling. The resulting agar-embedded pellets were trimmed, diced, and placed in 1% osmium containing tryptone. Fixation dehydration and embedding in Vestopal were completed by the Kellenberger and Ryter method (12) . Sections cut with glass knives were mounted on carbon-coated grids and stained with uranyl acetate (12) and lead citrate (20 
RESULTS
Of the three Bacillus species used, the spores of the B. megaterium KM proved, for two reasons. most useful for these studies. First, their coats could be readily removed. Overnight extraction of spores with Cleland's reagent plus SLS at pH 10.5 (1) stripped the coat from most spores. Secondly, both the cortex and germ cell wall of B. megaterium were readily digested by lysozyme. Although B. cereus spores could be stripped of spore coats (1; Fig. 11 ), the germ cell wall, unlike the cortex of this species but like the cell wall of the vegetative form, was lysozyme resistant (22) . Hence, in this case lysozyme simply induced a rapid germination (Fig. 12 ). This effect (in spite of the apparently absent coats) is probably similar to that obtained by Gould and Hitchins (8) with lysozyme treatment of B. cereus spores whose coats, although still present, were altered by disulfide bond-rupturing agents at low pH (7). With B. subtilis, complete removal of the spore coats was seldom achieved with these reagents (Fig. 13) . Hence, although the cell wall and cortex were both lysozyme digestible, the resulting ptotoplasts were usually covered with, and protected by, a persistent layer of spore coat (Fig.  14) . Because of these restrictions, the bulk of the work presented here was done with the spores of B. megaterium KM.
Phase-contrast microscopy. Phase-contrast showing the variation in degree ofphase-refractility encountered by 5 min (a) and 10 to 20 min (b). On one spore (arrow) the cortical layer can be seen partly removed from the semirefractile core. Fig. 3 . Spores of B. megaterium KM suspended in distilled water (a) before and (b) 5 to 10 min after lysozyme in distilled water was run under the cover slip. Refractility by phase microscopy is partly preserved (see also Fig. 32) . Fig. 4 . Water-lysozyme treated smear of coatless spores like those of Fig. 3b (a) before and (b) 5 to 10 min afterflushing 10 mm CaCI2 under the cover slip. Rapid loss of the partial refractility has occured. In the electron microscope these appeared like those shown in Fig. 17b . Fig. 5 . Preparation similar to that shown in Fig. 4a , photographed 2 to 5 min after running 10 mM MgSO4 under the cover slip. A rapid lysis occurs initially more complete than that achieved by the Ca2+ treatment (Fig. 4b) . The refractility ofphase-contrast optics ( Fig. 3b and Fig. 4a ) does not pass this more critical and true test of spore refractility. Some peripheral refractility in the cortical region survives. Fig. 10 . Later period of the same preparation in Fig. 9 . Partially digested and somewhat refractile cortical pieces were found thro*ghout the smear and partly on the spore cores (compare with Fig. 2 microscopy of the action of lysozyme on the coatless spores of B. megaterium KM in a variety of supporting media, besides being a useful supplement to the optical density changes, was an essential prerequisite to electron microscopy.
The removal of the coats from the spores of B. megaterium produced little change in the appearance of the spores in phase-contrast microscopy or nitrosin smears (compare Fig. I with 3a and Fig. 7 with 8 ). In solutions of neutral pH and low ionic strength, the clumping of coatless spores could interfere with photomicroscopy. In the electron microscope the removal of the spore coat is the only change on the majority of spores (Fig;  15 and 16 ). The characteristic appearance of the spore core is unaltered, resulting in the persistent phase-contrast ( Fig. 1 and 3 ) and nigrosin smear ( Fig. 7 and 8 ) refractility. It is of particular interest that many of the coatless spores showed considerable damage to, and thinning of, their cortices without apparent damage to the spore cores ( Fig. 16 ). Thus, spore coats both prevent clumping of spores and protect the underlying cortical structure from physical damage. In some preparations, various amounts of residual coat protein persisted on the spores; although they appear prominent in some sections, they failed to influence the action of lysozyme.
Electron microscopy of lysozyme-digested coatless spores. When coatless spores of B. megaterium KM were treated with lysozyme in the usual buffered sucrose protoplasting medium supplemented with magnesium ions to stabilize the membranes (23), a rapid loss of refractility and concurrent fall in density occurred. Such protoplasting medium failed to prevent an eventual lysis and clumping (Fig. 5) . The thin sections of spores fixed 5 min after the addition of lysozyme indicated that a partial hydration of the core cytoplasm and nuclear mass was accompanied by a rupturing of the plasma membrane (Fig. 17a) . By 30 min the leaching and lysis were complete (Fig.  17b ). Repeated studies with this medium revealed the presence of ruptured membranes by 2 min (Fig. 18) .
The failure of sucrose plus Mg2+ to support spore protoplasts was initially puzzling. Such media readily support the membrane integrity of B. megaterium vegetative cell protoplasts (22) . Moreover, sporulating protoplasts function well in sucrose-Mg2+ (M. R. J. Salton, J. Gen. Microbiol., vol. 13, abstract iv). However, since spores are rich in calcium, it was reasoned that for structural integrity the membranes of resting spores, unlike those of vegetative protoplasts, which show a magnesium dependence, might initially have a calcium requirement. The addition of Ca2+ (10 to 50 mM) in place of Mg2" to sucrose-buffer-protoplast medium did indeed prevent membrane rupture, and led to the slow formation of protoplasts with intact membranes, but with nuclear bodies mostly in a dense fibrous form. Although partly altered from the semicrystalline appearance of resting spore nuclear material ( Fig. 15 and 16 ,ug/ml) to spores suspended to sucrose. The germ cell wall resists lysozyme. Bar indicates 0.5 gim. After 5 min, lysozyme digestion refractility has completely disappeared, some expansion (hydration) of the cytoplasm has occurred, and the nuclear zones have changed from the compact nonstaining stage of resting spores to the peculiar dense masses of compact strands. However, without added calcium, the membranes appeared ruptured and coiled (arrow). Bar represents 0.5 fim. Fig. 17b . By 30 min, in spite of the osmotic support and adequate Mg2+, the preparation had undergone severe lysis. Magnification as indicated in Fig. 17a. Fig. 18 . Segments of two adjacent spores at higher magnification 2 min after the addition of lysozyme in sucrose- Magnification is indicated by the 0.5-,um bar in Fig.  22 . Fig. 22 . The cortex and cell wall are gone. With the exception of some dense masses (arrow), the cytoplasm is partly converted to that of a vegetative cell, although the nuclear structures are still seen as long fibrous bands. Fig.  23 . In many spores, the conversion of the condensed DNA into the more open net is now underway (arrows). Fig.  24 . In a few sections the conversion of the nuclear (N) material to net appears complete. Occasionally a mesosome (M) can be seen in the extruded state under the still digesting germ cell watt (CW) and the remnant coat (Ct). 25 . In these digestions the optical density decline occurs in two stages. The first, usually rapid fall to about half of the original optical density appears in phase optics as the shift from a bright refractile to a dull white spore. The second and more gradual decline accompanies the change from the dull white state to a protoplast or lysed residue, depending on the osmotic and ionic conditions. In Fig. 25 with sucrose-Mg2+, the immediate and rapid drop (30 sec) is followed by a slow lytic decline for 20 to 30 min. When magnesium was replaced by calcium, the rate of density loss was similar, and the optical density dropped to a lower level but remained constant. However, the onset of the optical density drop was delayed for 2 min after lysozyme was added to 20 mm calcium (Fig. 25) . Similar effects on both optical density and fine structure were found when 0.45 M succinate (2) was used instead of sucrose for osmotic support.
The peculiar semihydrated protoplast forms seen in sucrose-calcium or succinate-calcium media after 10 to 15 min ( Fig. 19 and 21) were still sensitive to the late addition of magnesium ion (10 mM). Many of these were converted within 2 to 3 min after magnesium addition to normal appearing protoplasts. Even after prolonged (I to 2 hr) incubation at 37 C in succinateCa2+ or sucrose-Ca2+, a few normal protoplasts could be found. Presumably, the protoplasts had, by this time, picked up some Mg2+ from the lysed ones. However, the less dense partially lytic forms still possess dense nucleoids (Fig. 26) .
The delay of the rapid fall in optical density FrG. 25. Effect of lysozyme (100 ,g/ml added at zero time) on the optical density of suspended coatless spores of B. megaterium KM in buffered sucrose containing MgSO4 (10 mM) and with CaCI2 (20 mM).
induced by calcium (Fig. 25) was analyzed further in both sucrose and succinate stabilizing medium. With increasing concentrations of Ca2+ at a constant level of Mg2+ there was a corresponding increase in the delay time for the main loss of refractility (Fig. 27) . In spite of these delays in onset of lysozyme action, the higher calcium concentration did not appear to alter the phase-contrast appearance of the resulting protoplasts formed in buffered sucrose (Fig. 6) . Again, similar optical density changes were encountered with succinate-Mg2+ and various concentrations of calcium. However, the uniformity of protoplasting was usually greatly improved in this supporting medium. For example, a highly uniform preparation of protoplasts fixed at 5 min in 0.45 M succinate, 10 mM Mg2+, and 30 mM Ca2+ is shown in Fig. 28 . In agreement with the results of Fig. 27 , the optical density began to drop at 2.5 min after the addition of lysozyme. ln Fig. 28 , although the cortex is gone, the germ cell walls are only partially digested and the spore nuclear material is partially in the dense fibrous form.
Semiprotoplasts of coatless spores. Of particular interest in the experiments typified by Fig.  27 was the effect of lysozyme on coatless spores suspended in sucrose without added cations. A peculiar partial loss of refractility occurred which was identical in sucrose and water. These spores were more avoid, i.e., still "white" in the phasecontrast microscope (Fig. 2a and b) . When examined in nigrosin smears, the spores showed an early loss of core refractility with some persistence of refractility in peripheral or cortical remnants ( Fig. 9 and 10 ). In cover slip smears, the loss of the spore phase-contrast refractility by lysozyme in cation-free media (Fig. 3) and the subsequent effect of adding calcium (Fig. 4) or magnesium (Fig. 5 ) could be readily followed and recorded.
Optical density studies of lysozyme digestion of coatless spore suspensions in water or sucrose are gathered in Fig. 29 . Although largely nonviable, the sucrose (alone) and water (alone) digested spores still respond (hydrate) rapidly when divalent cations are added (Fig. 9) . The delaying effect of calcium ions on lysozyme digestion of sucrose or succinate suspended coatless spores is also observed with coatless spores suspended in water. However, when the calcium is added to the spores pretreated by lysozyme digestion in either water or sucrose, lysis is very rapid (Fig. 29) . The water-Ca21 preparations compared to sucrose-Ca2+ ones were severely lysed, indicating a requirement for osmotic support.
Uhe semirefractile forms produced by lysozyme in water, although nonviable, retained their initial appearance and sensitivity to added cations for some days at 2 C. Those With "no addition" lysozyme produces a semirefractile spore (See Fig. 2, 3b, 9 , and 10). Magnesium alone (0.01 M) induces a rapid drop of refractility and ultimate lysis (see Fig. 5 ). At a magnesium concentration of 0.01 M, calcium at increasing concentrations correspondingly delays the initial drop in the optical density and permits recovery ofprotoplasts (see Fig. 6 ).
30) had similar keeping qualities but a few could be recovered as stable protoplasts if magnesium, but not calcium, ions were added within 20 min of the initial fall in optical density (Fig. 31) .
In the electron microscope these semirefractile spores formed in the sucrose and distilled water possessed similar condensed masses and vacuolated cytoplasmic patterns. In both, the nuclear bodies possessed the crystalline-like packing of their DNA similar to that of resting spores. (Fig.  30 and 32) . However, practically every profile of these spores treated with lysozyme in water showed a broken and coiled plasma membrane. A few breaks were also seen in the membranes of those spores treated in sucrose; in many profiles, however, the membrane seemed to be intact. This presumably accounts for the recovery of a few intact protoplasts on adding Mg'+ to the sucrose, but only lysis when cations are added to the water-lysozyme-treated group. As indicated by light microscopy (Fig. 10) , both types of cationfree digestions showed partial breakdown of the cortex into either various sized chunks (Fig. 30  and 32 ) or a confluent mass sticking the semirefractile cores together, very much like preparations of isolated cortex (5) .
Action of other cations. These observations of somewhat specific effects of magnesium and calcium on the lysozyme digestion of coatless spores prompted a comparison of strontium with calcium and of manganese with magnesium, as the divalent cations affecting lysozyme action on coat-stripped spores of B. megaterium. The actions of these cations were assessed by observing optical density and phase-contrast and electron microscopic changes.
Strontium. When compared with calcium at 20 mm concentration Sr2+ had a similar effect. The rapid lysis induced by the addition of calcium to coatless spores pretreated with lysozyme in cation-free sucrose (Fig. 29) was identical on the addition of strontium ions. Moreover, a magnesium-strontium-supplemented environment appeared identical to a magnesium-calcium one, including the delayed onset of optical density drop after lysozyme addition (Fig. 27) . That is, Sr2+ could replace Ca2+ in maintaining membrane integrity and support the formation of intact protoplasts. Likewise, lysozyme digestion of the cortex of spores suspended in Tris-sucrose with strontium ion was similar, in respect to optical density and structural changes, to that with calcium as the sole cation ( Fig. 19 and 25) . These results were not unexpected, since it was previously discovered that strontium can take the place of calcium both as a factor in spore heat resistance (6) and as a stimulant of DPA synthesis (17) .
Manganese. The manganese cation was unable to replace magnesium during cortical digestion of coatless spores. Manganese-calcium-supplemented sucrose digestions were very similar to those in calcium (alone)-supplemented media in respect to the optical density curve and the poorly hydrated appearance of the resulting forms. In Tris-sucrose supplemented with manganese alone, lysozyme induced an optical density curve very similar to a cation-free system ("no addition," Fig. 27 ), except that the optical density stabilized at a lower level. The resulting semirefractile spores were slightly denser than those of Fig. 2 . Manganese ions, as might be expected, were unable to induce the rapid fall in optical density of coatless spore suspensions pretreated with lysozyme in cation-free media, as can the ions of magnesium and calcium (Fig. 29) .
Effect of DPA on the digestion of coatless spores by lysozyme. The apparent protective effect of calcium on the spore membrane during early cortical digestion prompted some comparisons of protoplast supporting media containing Ca2+,Ca-DPA chelates, DPA, ethylenediaminetetraacetic acid (EDTA), and ethylenebis(oxyethyleneitrilo)tetraacetic acid (EGTA).
In his studies of germination with chelates, Riemann (19) found that the equimolar (1: 1) Ca- DPA chelate at 40 mm concentration was an active inducer of whole-spore germination. The 1 :2 Ca-DPA chelate and DPA itself appeared largely inactive. Lysozyme digestion of coatless B. megaterium spores in Tris-sucrose-Mg2+ (10 mM) containing, instead of 20 mm Ca2+, Ca-DPA (1: 1, 20 mM:20 mM) was initially identical to a control containing both Mg2+ and Ca2+. However, by 5 min, the optical density of the Ca-DPA suspended spores was 64% of the control. By 10 min, the optical density was 59% and the yield of intact protoplasts was 50% that of the control. In Tris-sucrose-Mg2+ with Ca2+ replaced by Ca-DPA (1:2, 20 mm:40 mM), the optical density of coatless spores with the addition of lysozyme fell again for 2 min, like that of the control. A severe lysis then occurred. By 5 min, the optical density was only 33% of the control level; by 10 min, it was 3%, at which time over 99% of the spores were only faint membrane ghosts. Such severe lysis with Ca(DPA)2 was unexpected, in comparison to the digestions with Mg2+ alone (Fig. 25 and 27) which took 30 to 60 min to produce a similar degree of lysis (Fig. 17b) .
This marked lysis suggested that the added DPA was competing with the membrane for the protective spore Ca2+ during early lysozyme digestion, and it also prompted other comparisons. Digestion of coatless spores in Tris-sucroseMg2+ (20 mM) and DPA at a low concentration (10 mM) without calcium (Mg2-DPA) produced an optical density curve and pellet appearance identical to that of lysozyme digestion in Tris-sucrose-Mg2+ without DPA. However, in equimolar Mg-DPA (20 mM:20 mM) a more severe lytic curve resulted, quite similar to that found for 10 mm Mg2+, 20 mm Ca2+, 20 mM DPA. Apparently, externally added DPA above a certain concentration can chelate Ca2+ from its protective function in the membrane. It seems unlikely in these Mg-DPA experiments that the DPA is completely complexing Mg2+. If it were, in the absence of added Ca2 , the semirefractile type of optical density curve (Fig. 27 ) and spore ( Fig. 3b and 4a) should have resulted. Indeed, when coatless spores were lysozyme digested in Tris-sucrose without added cations but containing DPA (20 mM), the optical density did not plateau at the semirefractile stage but fell in a curve very similar to that recorded with the Tris-sucroseMg2+-suspended spores and likewise produced adherent masses of partly lysed spores.
The peculiar requirements for the cations Ca2+ and Mg2+ during lysozyme digestion of coatless spores were also analyzed with other chelating agents. When EDTA was added (20 mM) to the Tris-sucrose-Mg2+ (10 mM)-Ca2+ (20 mM) supporting medium, the ultimate effect of lysozyme digestion of resting spores was very like that occurring in a medium without added cations-i.e., the formation of semirefractile cores. Lysozyme digestion in an excess of EDTA (20 mM EDTA in Tris-sucrose-Mg2+, 10 The essential defect in these spores besides the absence of hydration is the rupture and coiling of the plasma membrane. They are otherwise quite similar to the cation-free sucrose-lysozyme digestion (Fig. 30) . Bar marker is 0.5 ,um. 
DISCUSSION
Enzymatic removal of the cortex and the associated cell wall primordium (germ cell wall) from a coat-stripped resting spore suspended in an osmotic supporting medium does not yield a viable protoplast. To do so via lysozyme digestion, two metal requirements must be satisfied. First, calcium ions are essential to prevent a rupture of the spore core plasma membrane; second, magnesium ions are required for the conversion of this initally digested spore into a viable protoplast. This conversion appears, as observed by electron microscopy, to be a process of hydration involving the core cytoplasmic and nuclear structures. The latter body is particularly dependent on Mg2+ to achieve the usual appearance of DNA plasma. In fact, the fine structure studies here suggest the conversion of spore to vegetative-type DNA is in two stages. The first, a change from the semicrystalline closely packed and poorly staining structure into a densely staining ropy mass winding through the cell, is a rapid event. The second change appears to be a simple expansion of this mass into the more open type of fibrous nuclear body. These changes are of interest in view of the recent report by Tanooka and Terano (21) that the high degree of radiation resistance of B. subtilis spore DNA to single-strand breaks was maintained in spore spheroplasts but was lost when these were osmotically ruptured. Since cation additions were not used, their spheroplasts are presumably similar to the partly refractile forms described here in detail for B. megaterium. The spheroplasts are also encountered when coatless spores of B. cereus and B. subtilis were lysozyme digested in Trissucrose without added cations and which still contain DNA in a crystalline-like structure (Fig.  30) .
The requirement for Ca2+ can no longer be shown once the Mg2+-dependent hydration has begun. That is, coat-stripped spores digested with lysozyme for 5 to 10 min in sucrose-Mg2+-Ca2+ or in sucrose-Ca2t will, when spun out and suspended in sucrose-Mg2+ with additional lysozyme, continue towards the formation of stable and viable protoplasts. On the other hand, when suspended in sucrose-Mg2+ or in sucrose alone, coatless spores must be supplied with Ca2+ within 1 min of the addition of lysozyme to prevent extensive lysis. This initial period of calcium dependency also corresponds to the period of early and rapid release of DPA. Both the cation supplemented, typical protoplasts and the semirefractile spore cores are essentially free of DPA. A subsequent report now in preparation will describe the escape rates of DPA and calcium from coatless spores undergoing lysozyme digestion in various ionic environments. It is, however, interesting to note that the semirefractile forms indicate the separability of DPA release and hydration of resting spores. The former process is associated with a Ca2+ need for membrane integrity, the latter with a Mg2+ requirement.
The apparent early dependence of the spore core membrane on Ca2t coupled with the high content of calcium in resting spores suggests a unique role of this ion as the stabilizer of the membrane during the spore state. For such a role in dormancy, it is first necessary to reconsider the concept of an anhydrous core (18) Canada, 1953) . Vegetative cells are rendered nonviable by the ethanol wash before disruption and had a water content dependent on the number of washings. However, the spores survived ethanol washings; when disrupted (and killing), they yielded less than 5% of their dry weight as water to absolute ethanol, a content of water which was the lowest limit of the techniques used. Hyatt and Levinson (10) also found a similar low water content for spores by drying at 100 C.
If the core is nearly anhydrous, a major problem to such a biological system would be maintenance of the polarity of the phospholipids and hence the integrity of the core membrane. These protoplasting studies have shown that calcium is required for membrane integrity before hydration of the core; one might then speculate that most of the calcium of resting spores may, in fact, be involved in rendering the membrane surfaces nonpolar by bridging the free ionic groups of the phospholipids.
The role of calcium in binding to, and so modifying, the mechanical resistance and tension of a wide variety of biological membranes is well documented. It is interesting that the increased resistance or stiffness that Ca2t imparts to teleost and amphibia membranes occurs without alterations in permeability (14) . Hauser 
